, and its influence on chemical composition, crystal structure, morphology and band gap of CZTS thin films was investigated by energy dispersive X-ray spectroscopy (EDS), X-ray diffraction (XRD), atomic force microscopy (AFM) and ultraviolet-visible-near infrared (UV-Vis-NIR) absorption spectra, respectively. The result of EDS indicated that these CZTS thin films were Cu-rich and S-poor. The XRD study showed CZTS thin films exhibited strong preferential orientation of grains along [112] direction. The band gap of CZTS thin films was 1.72, 1.37, 1.25 and 1.11 eV corresponding to incident laser energy of 3, 4, 5 and 6 J·cm -2
Introduction
Cu 2 ZnSnS 4 (CZTS) was one of the most interesting material for absorber layer of low-price thin film solar cells because of its suitable optical band gap of about 1.5 eV and its large absorption coefficient of over 10 4 cm -1 [1, 2] . The preparation of CZTS thin films was widely investigated, such as atom beam sputtering [3] , sulfurization of electron-beam-evaporated precursors [4] , co-evaporation [5] , spray pyrolysis [6] , RF (radio frequency) magnetron sputtering [7] , hybrid sputtering [8] , electrodeposition [9] , thermal evaporation [10] , and pulsed laser deposition (PLD) [11] [12] [13] . The solid-state reaction of the mixing powder of Cu 2 S, ZnS, and SnS 2 with 1:1:1 mol ratio was used to prepare the target in PLD, and the target directly using the CZTS nanocrystal was not reported.
In this paper, the CZTS thin films were prepared on glass substrate at the substrate temperature of 400℃ using the target from the CZTS nanocrystal. The influence of laser incident energy on chemical composition, crystal structure, surface morphology and band gap of CZTS thin film was systemically investigated by energy dispersive X-ray spectroscopy (EDS), X-ray diffraction (XRD), atomic force microscopy (AFM) and ultraviolet-visible-near infrared (UV-Vis-NIR) absorption spectra, respectively.
Experimental
The CZTS nanocrystal was prepared using the hydrothermal method by the mixture of newly synthesized CuS, ZnS, and SnS precursor [14] . The target was shaped and pressed into a pellet using the CZTS nanocrystal.
CZTS thin films were deposited on glass substrates by PLD with a KrF excimer laser (Lambda Physik, COMPEXPro 102, λ=248 nm, 20 ns pulse width). The glass substrate was ultrasonically cleaned in acetone, ethanol, deionized water for 8 min, consecutively. Then the substrate was placed parallel at distance of 50 mm from the target, which was fixed on a rotating holder with rotation at 10 rpm, during laser ablation. The glass substrates were heated to 400 ℃ and fixed on a rotating holder with rotation at 5 rpm. The deposition chamber was evacuated to 2.0×10 -4 Pa using a turbo molecular pump. The laser incident energy varied from 3 J·cm , and a repetition rate was 2 Hz. The deposition time was 150 min. The chemical composition and crystal structure of CZTS thin films were measured by EDS using Japan EDX spectrometer (JSM6490/LV, Japan) and XRD, respectively. XRD patterns were measured using CuKα radiation, λ=0.154056 nm, 40 kV and 50 mA (Philips X' Pert PRO SUPER, Netherlands). A scanning rate of 0.017 °s -1 was applied to record the patterns in the 2θ range of 20-80°. The surface morphology of the CZTS thin films was observed by atomic force microscopy (AFM, CSPM 4000, China). The ultraviolet-visible-near infrared (UV-Vis-NIR) absorption spectra were measured with a double beam UV-Vis-NIR (DUV-3700, Shimadzu, Japan) in the wavelength range of 400-1400 nm at the resolution of 1 nm.
Results and discussion
Chemical composition of CZTS thin films. Figure 1 showed the chemical composition of CZTS thin films deposited at the different laser incident energy from 3 to 6 J·cm was Cu 2.15 Zn 1.00 Sn 1.17 S 3.84 in a nearly stoichiometric relation except slightly Cu-rich and S-poor (mole ratio of Cu to (Zn+Sn) was 0.99, mole ratio of Sn to Zn was 1.17, mole ratio of S to metal was 0.89). Also, other CZTS thin films were Cu-rich and S-poor. This was due to the difference of the four element velocities during the pulsed laser deposition. The velocities of elements depended on their mass. Cu as a lighter-mass element had a higher flow speed [13] , and S element as a lighter-mass element was a volatile element, which leaded to the enrichment of Cu and loss of S in CZTS thin films.
Crystal structure of CZTS thin films. Figure 2 showed X-ray diffraction patterns of CZTS thin films at the different laser incident energy. The XRD pattern indicated that there was single strong peak located at 2θ = 28.6 °, corresponding to the spacings of (112) planes of CZTS, which was well consistent with the standard JCPDS data file (JCPDS NO. 26-0575). And the intensity of diffraction peaks increased with the increasing of laser incident energy. Surface morphology of CZTS thin films. Figure 3 showed AFM morphology images of CZTS thin films at the different laser incident energy. It was observed that some particles existed on the surface of CZTS thin films. This may be because the plasma plume had nucleation process during the pulsed laser deposition. At the laser incident energy of 3 J·cm -2 , the CZTS thin film had relatively high uniformity and a quite flat surface. 
Summary
The CZTS thin films were successfully grown on the glass substrates by pulsed laser deposition method with varying the laser incident energy from from 3 J·cm , the chemical composition of the CZTS thin film was Cu 2.15 Zn 1.00 Sn 1.17 S 3.84 in a nearly stoichiometric relation except slightly Cu-rich and S-poor. The CZTS thin films at different laser incident energy had strong preferentially oriented along (112) plane in XRD results. The band gaps of CZTS thin films were 1.72, 1.37, 1.25 and 1.11 eV, corresponding to the incident laser energy of 3, 4, 5 and 6 J·cm -2 , respectively.
